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,QFUHDVLQJ FRQFHQWUDWLRQ UDWLRV LV RQH RI WKH DUHDV GHHPHG WR KDYH ODUJH SRWHQWLDO IRU IXUWKHU FRVW
UHGXFWLRQV >@ :LWK KLJKHU FRQFHQWUDWLRQ UDWLRV ODUJHU FROOHFWRU DSHUWXUHV DUH XWLOL]HG UHGXFLQJ WKH
UHTXLUHGOHQJWKIRUWKHVDPHDSHUWXUHDUHD7KLVPHDQVUHGXFHGFRQQHFWLRQVDQGGULYHVWKHUHE\UHGXFLQJ
WKHFRVWRILQVWDOODWLRQRSHUDWLRQDQGPDLQWHQDQFHRIWKHVHV\VWHPV$QH[DPSOHLVWKH8OWLPDWH7URXJK
ZLWKDQDSHUWXUHRIPDQGDVRODUFROOHFWRUDVVHPEO\ OHQJWKRIPPDNLQJ LW WKHZRUOG¶V ODUJHVW
SDUDEROLFWURXJKFROOHFWRU>@7KLVFROOHFWRULVH[SHFWHGWRUHGXFHWKHVRODUILHOGFRVWE\WR>@
:LWK WKHVH DGYDQFHV LQ FROOHFWRU GHYHORSPHQW LPSURYHG GHVLJQVRI UHFHLYHU WXEHV DUH HVVHQWLDO IRU
LPSURYHG WKHUPDOSHUIRUPDQFH$WDJLYHQ IORZ UDWH LQFUHDVLQJFRQFHQWUDWLRQ UDWLRVZLOO UHVXOW LQ KLJK
DEVRUEHU WXEH FLUFXPIHUHQWLDO WHPSHUDWXUH JUDGLHQWV DQG KLJK DEVRUEHU WXEH WHPSHUDWXUHV OHDGLQJ WR
LQFUHDVHGUHFHLYHUWKHUPDOORVV>@0RUHRYHUZLWKWKHVHKLJKWHPSHUDWXUHJUDGLHQWVHQWURS\JHQHUDWLRQ
UDWHV LQ WKH SDUDEROLF WURXJK UHFHLYHU ZLOO LQFUHDVH GHJUDGLQJ WKH WKHUPRG\QDPLF SHUIRUPDQFH RI WKH
UHFHLYHU>@
(YHQWKRXJKLPSURYHGGHVLJQVRIUHFHLYHUWXEHVKDYHEHHQGHYHORSHGVXFKDV WKH6FKRWW375
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6RPH VWXGLHV RQ WKH XVH RI QDQRIOXLGV IRU VRODU HQHUJ\ KDUYHVWLQJ DUH DYDLODEOH LQ OLWHUDWXUH
-DYDGLHWDO>@SUHVHQWHGDQH[WHQVLYHUHYLHZRQWKHSHUIRUPDQFHRIVRODUFROOHFWRUVXVLQJQDQRIOXLGV
7D\ORU HW DO>@ XVHG D FRQVHUYDWLYH VLPSOLILHG DQDO\VLV WR FRPSDUH D QDQREDVHG FRQFHQWUDWLQJ VRODU
WKHUPDOV\VWHPZLWKDFRQYHQWLRQDORQH7KH\VKRZHGWKDWQDQRIOXLGVKDYHH[FHOOHQWSRWHQWLDOIRUSRZHU
WRZHU DSSOLFDWLRQV ZLWK  LPSURYHPHQW LQ HIILFLHQF\ :DJKROH HW DO>@ H[SHULPHQWDOO\
LQYHVWLJDWHG WKH KHDW WUDQVIHU DQG IULFWLRQ IDFWRURI VLOYHU QDQRIOXLGV LQ DEVRUEHUUHFHLYHU RI D SDUDEROLF
WURXJK UHFHLYHU ZLWK WZLVWHG WDSH LQVHUWV 7KH\ VKRZHG LQFUHDVH LQ KHDW WUDQVIHU SHUIRUPDQFH RI WKH
UHFHLYHU ZLWK WKH XVH RI QDQRIOXLGV 5HFHQWO\ 6RNKDQVHIDW HW DO>@ LQYHVWLJDWHG WKH KHDW WUDQVIHU
HQKDQFHPHQWLQDSDUDEROLFWURXJKFROOHFWRUWXEHXVLQJ$O2V\QWKHWLFRLOQDQRIOXLGIRUWKHQDQRSDUWLFOH
FRQFHQWUDWLRQ OHVV WKDQ  DQG RSHUDWLQJ WHPSHUDWXUHV RI  .  . DQG  . 7KH\ VKRZHG
VXEVWDQWLDOLQFUHDVHLQKHDWWUDQVIHUSHUIRUPDQFHRIWKHUHFHLYHUZLWKWKHXVHRIQDQRIOXLGV
)URP WKH DERYH OLWHUDWXUH UHYLHZ LW LV HYLGHQW WKDW WKHUH LV SRWHQWLDO IRU LPSURYHG KHDW WUDQVIHU
SHUIRUPDQFH LQ SDUDEROLF WURXJK UHFHLYHUV XVLQJ QDQRIOXLGV +RZHYHU VWXGLHV RQ KHDW WUDQVIHU
HQKDQFHPHQWLQSDUDEROLFWURXJKUHFHLYHUVXVLQJQDQRIOXLGVDUHVWLOOOLPLWHG,QWKHIHZDYDLODEOHVWXGLHV
RQO\WKHWKHUPDOSHUIRUPDQFHRISDUDEROLFWURXJKUHFHLYHUVZLWKQDQRIOXLGV LVSUHVHQWHGZLWKQRVWXGLHV




7KH SDUDEROLF WURXJK FROOHFWRU V\VWHP FRQVLVWV RI D PLUURU EHQW LQ D SDUDEROLF VKDSH ZLWK D KHDW
FROOHFWLRQHOHPHQWDWLWVIRFXVDVVKRZQLQ)LJ7KHUHFHLYHURIWKHSDUDEROLFWURXJKV\VWHPFRQVLVWVRID
VWHHODEVRUEHUWXEHWKDWLVHQFORVHGLQDJODVVHQYHORSH7KHVSDFHEHWZHHQWKHDEVRUEHUWXEHDQGWKHJODVV
FRYHU LVHYDFXDWHG WRYHU\ ORZSUHVVXUHVDERXW3D>@ WRVXSSUHVV WKHFRQYHFWLYHKHDW ORVV7KH
DEVRUEHU WXEH LV FRDWHG ZLWK D VHOHFWLYH FRDWLQJ WKDW KDV D KLJK DEVRUSWLYLW\ IRU WKH LQFRPLQJ VRODU
UDGLDWLRQ DQG D ORZ HPLVVLYLW\ IRU LQIUDUHG UDGLDWLRQ >@7KH JHRPHWU\ RI WKH SDUDEROD IRUPLQJ WKH
FROOHFWRULVJLYHQE\>@
I[\    
:KHUHILVWKHIRFDOOHQJWKGHWHUPLQLQJWKHSODFHPHQWRIWKHUHFHLYHUWXEHIRURSWLPDOLQWHUFHSWLRQRI
WKHLQFLGHQWUD\V)RUDJLYHQDSHUWXUHZLGWKDDQGULPDQJOHĳUWKHIRFDOOHQJWKLVJLYHQE\>@
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7KHKHDW ORVV IURPWKHUHFHLYHUFDQEHUHSUHVHQWHGRQDWKHUPDOUHVLVWDQFHQHWZRUN7KHKHDW ORVVHV
PDNLQJXSWKLVUHVLVWDQFHQHWZRUNGHSHQGRQWKHVWDWHRIWKHDQQXOXVVSDFH>@,QWKLVVWXG\WKHDQQXOXV
VSDFHEHWZHHQWKHDEVRUEHUWXEHDQGWKHJODVVFRYHULVFRQVLGHUHGHYDFXDWHGWKHUHIRUHRQO\WKHUDGLDWLRQ








VLPLODU WR SUHYLRXV LQYHVWLJDWLRQV >@ 7KH GHQVLW\ ZDV REWDLQHG XVLQJ WKH FODVVLFDO IRUPXOD IRU
FRQYHQWLRQDO VROLGOLTXLG PL[WXUHV DQG WKH VSHFLILF KHDW FDSDFLW\ ZDV REWDLQHG E\ DVVXPLQJ WKHUPDO
HTXLOLEULXPEHWZHHQSDUWLFOHVDQGWKHVXUURXQGLQJOLTXLG>@
7KHQDQRIOXLGGHQVLW\LVGHWHUPLQHGDFFRUGLQJWR>@
 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)RUWKHUPDOFRQGXFWLYLW\WKH%UXJJHPDQPRGHO>@ZKLFKFRQVLGHUVLQWHUDFWLRQDPRQJVSKHULFDO
SDUWLFOHVZLWKYDULRXVFRQFHQWUDWLRQVRILQFOXVLRQZDVXVHG7KHWKHUPDOFRQGXFWLYLW\LVJLYHQDV>@
     QI S EO I O I O     'ª º¬ ¼      
:KHUH
      S E S EI O I O O O'     ª º¬ ¼        
7KHSURSHUWLHVRI WKHEDVH IOXLGDUH WHPSHUDWXUHGHSHQGHQW)RU WKLV VWXG\ FXUYH ILWWHGSRO\QRPLDOV
REWDLQHG XVLQJ UHJUHVVLRQ DQDO\VLV IURP PDQXIDFWXUHU GDWD VKHHWV >@ ZHUH XVHG 7KH VSHFLILF KHDW
FDSDFLW\ FSE WKH GHQVLW\ ȡE DQG WKH WKHUPDO FRQGXFWLYLW\ ȜS DUH JLYHQ E\ WKH SRO\QRPLDOV JLYHQ E\
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 1XPHULFDODQDO\VLV
%RXQGDU\FRQGLWLRQV
)RU WKLV VWXG\ WKH ERXQGDU\ FRQGLWLRQV XVHG LQFOXGH  D QRQXQLIRUP KHDW IOX[ RQ WKH DEVRUEHU





SUHVVXUH RXWOHW ERXQGDU\ FRQGLWLRQV ZHUH XVHG IRU WKH DEVRUEHU WXEH¶V LQOHW DQG RXWOHW UHVSHFWLYHO\ DV
VKRZQ LQ)LJD 1RVOLSDQGQRSHQHWUDWLRQERXQGDU\FRQGLWLRQVZHUHVSHFLILHG IRU WKHDEVRUEHU
WXEHDQGJODVVFRYHUZDOOV7KHUHLVQRIORZLQWKHUHFHLYHU¶VDQQXOXVVSDFHWKHUHIRUHIRUWKHLQOHWDQG
RXWOHW RI WKH UHFHLYHU¶V DQQXOXV VSDFH D V\PPHWU\ ERXQGDU\ FRQGLWLRQ ZDV XVHG VXFK WKDW WKH QRUPDO
JUDGLHQWVRIDOOIORZYDULDEOHVDUH]HUR$PL[HGERXQGDU\FRQGLWLRQZDVXVHGRQWKHRXWHUZDOORIWKH
JODVV FRYHU WR DFFRXQW IRU ERWK UDGLDWLRQ DQG FRQYHFWLRQ KHDW WUDQVIHU 6WHIDQ %ROW]PDQQ¶V ODZ JLYHV
UDGLDWLRQ EHWZHHQ WKH JODVV FRYHU DQG WKH VN\ &RQYHFWLRQ KHDW WUDQVIHU IURP WKH UHFHLYHU¶V JODVV ZDV
PRGHOOHGE\VSHFLI\LQJDFRQYHFWLRQKHDW WUDQVIHUFRHIILFLHQWDQGIUHHVWUHDPWHPSHUDWXUH7KHGHWDLOHG




3DUDPHWHU 9DOXH 3DUDPHWHU 9DOXH
D P GUL P
/ P GUR P
ࣵ  ĲJ 
ĳU R Į 
&5  ׋ 
7LQOHW ±. 7DPE .
1XPHULFDOSURFHGXUH
7KH IORZ LQVLGH WKH UHFHLYHU¶V DEVRUEHU WXEH LV WXUEXOHQW 7KHUHIRUH WKH VROXWLRQ ZDV REWDLQHG
QXPHULFDOO\E\VROYLQJWKH5H\QROGVDYHUDJHG1DYLHU6WRNHVHTXDWLRQVWRJHWKHUZLWKWKH5HDOLVDEOHNİ
PRGHO >@ IRU WXUEXOHQFH FORVXUH 7KH GLVFUHWH RUGLQDWHVPRGHO ZDV XVHG WRPRGHO WKH UDGLDWLRQ KHDW
WUDQVIHULQWKHUHFHLYHU¶VDQQXOXVVSDFH
$OO WKH QXPHULFDO PRGHOOLQJ ZDV LPSOHPHQWHG LQ $16<6  7KH SURFHGXUH LQFOXGHV WKH
PRGHOOLQJ RI WKH JHRPHWU\ RI WKH UHFHLYHU LQ $16<6 GHVLJQ PRGHOOHU WKH GLVFUHWLVDWLRQ RI WKH
FRPSXWDWLRQDOGRPDLQXVLQJ$16<6PHVKLQJDQGVROXWLRQRIWKHJRYHUQLQJHTXDWLRQVWRJHWKHUZLWKWKH
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ERXQGDU\ FRQGLWLRQV XVLQJ $16<6 )OXHQW >@ 6HFRQG RUGHU XSZLQG VFKHPHV ZHUH HPSOR\HG IRU
LQWHJUDWLQJ WKH JRYHUQLQJ HTXDWLRQV WRJHWKHU ZLWK WKH ERXQGDU\ FRQGLWLRQV RYHU WKH FRPSXWDWLRQDO
GRPDLQ)RUSUHVVXUHDQGYHORFLW\FRXSOLQJ WKH6,03/(DOJRULWKPZDVXVHG7RFDSWXUH WKHQHDUZDOO
JUDGLHQWVWKHGLPHQVLRQOHVVZDOOFRRUGLQDWH\RIDERXWZDVHQVXUHGLQDOOVLPXODWLRQV)RUWKHVHORZ
YDOXHV RI \ WKH HQKDQFHG ZDOO WUHDWPHQW RSWLRQ ZDV XVHG IRU PRGHOOLQJ WKH QHDUZDOO UHJLRQV











7KH WKHUPDOSHUIRUPDQFHRI WKH UHFHLYHUFDQEHSUHVHQWHG LQ WHUPVRI WKH UHFHLYHU WKHUPDO ORVV WKH
FROOHFWRUWKHUPDOHIILFLHQF\DQGDOVRWKHKHDWWUDQVIHUFRHIILFLHQW,QGHWHUPLQLQJWKHWKHUPDOHIILFLHQF\
SXPSLQJSRZHULVLQFOXGHGLQWKHWKHUPDOHIILFLHQF\HTXDWLRQWRFDWHUIRULQFUHDVHLQSXPSLQJSRZHUZLWK
LQFOXVLRQ RI QDQRSDUWLFOHV $V VXFK WKH WKHUPDO HIILFLHQF\ LV JLYHQ E\    WK X S HO E FT : , $K K    7KH
HOHFWULFDO HIILFLHQF\ RI WKH SRZHU EORFNȘHOZDV WDNHQ DV  >@ WKH XVHIXO KHDW JDLQ LV JLYHQ E\
 X S RXWOHW LQOHWT PF 7 7   DQGWKHSXPSLQJSRZHULVJLYHQE\ S: 9 3 '  
)LJDVKRZVWKHKHDWWUDQVIHUFRHIILFLHQWDVDIXQFWLRQRI5H\QROGVQXPEHUDQGQDQRSDUWLFOHYROXPH
IUDFWLRQDWDWHPSHUDWXUHRI.$WDJLYHQ5H\QROGVQXPEHUWKHKHDWWUDQVIHUFRHIILFLHQWLVVKRZQWR
LQFUHDVHDVQDQRSDUWLFOHYROXPHIUDFWLRQ LQFUHDVHVDVH[SHFWHG)RU WKH UDQJHRISDUDPHWHUVFRQVLGHUHG
WKHKHDWWUDQVIHUSHUIRUPDQFHLQFUHDVHVE\XSWRDVWKHYROXPHIUDFWLRQLQFUHDVHVIURP±)LJ
E VKRZV WKH UHFHLYHU WKHUPDO ORVV DV D IXQFWLRQ RI 5H\QROGV QXPEHU DQG YROXPH IUDFWLRQ DW D
WHPSHUDWXUHRI.$VVKRZQLQWKLVILJXUHWKHUHFHLYHUWKHUPDOORVVGHFUHDVHVDVWKHYROXPHIUDFWLRQ
LQFUHDVHV7KLV LVPRVWO\DW ORZYDOXHVRI5H\QROGV QXPEHUVRU IORZ UDWHV$W ORZYDOXHVRI5H\QROGV
QXPEHUVWKHDEVRUEHUWXEHWHPSHUDWXUHVDUHKLJKHUDQGKHDWWUDQVIHUSHUIRUPDQFHLVORZWKXVWKHXVHRI
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)LJDDQGEVKRZVWKHYDULDWLRQRIWKHWKHUPDOHIILFLHQF\DVDIXQFWLRQRI5H\QROGVQXPEHUDQG
QDQRSDUWLFOH YROXPH IUDFWLRQ DW LQOHW WHPSHUDWXUHV RI . DQG . UHVSHFWLYHO\ $V VKRZQ LQ WKH
ILJXUHV WKH YDULDWLRQ RI WKH WKHUPDO HIILFLHQF\ GHSHQGV RQ WKH LQOHW WHPSHUDWXUH RI WKH IOXLG $W ORZ
WHPSHUDWXUHV WKH WKHUPDO HIILFLHQF\ FRQWLQXRXVO\ UHGXFHV DV WKH 5H\QROGV QXPEHU LQFUHDVHV $V















































E 7KHUPDO HIILFLHQF\ DV D IXQFWLRQ RI 5H\QROGV
QXPEHU DQG QDQRSDUWLFOH YROXPH IUDFWLRQ DW DQ
LQOHWWHPSHUDWXUHRI.
$FFRUGLQJO\ WKH XVH RI QDQRIOXLGV LV VKRZQ WR EH YLDEOH DW ORZ YDOXHV RI IOXLG WHPSHUDWXUHV DQG
5H\QROGVQXPEHUVZKHUHKHDW WUDQVIHUSHUIRUPDQFHLVXVXDOO\ORZ$WWKHORZHVW5H\QROGVQXPEHUDQG
DQ LQOHW WHPSHUDWXUH RI . WKH WKHUPDO HIILFLHQF\ LQFUHDVHV E\ DVPXFK DV  DV WKH QDQRSDUWLFOH
YROXPH IUDFWLRQ LQFUHDVHV IURPWR$V WKH5H\QROGVQXPEHUVDQGYROXPH IUDFWLRQ LQFUHDVH WKH
UHTXLUHGSXPSLQJSRZHUDOVRLQFUHDVHVDQGUHGXFHVWKHWKHUPDOHIILFLHQF\)XUWKHULQFUHDVHLQ5H\QROGV
QXPEHUDQGYROXPHIUDFWLRQUHGXFHVWKHWKHUPDOHIILFLHQF\WRYDOXHVORZHUWKDQWKRVHRIDUHFHLYHUZLWK
RQO\ WKH EDVH IOXLG $FFRUGLQJO\ VLJQLILFDQW LPSURYHPHQWV LQ HIILFLHQF\ DUH DFKLHYDEOH DW IORZ UDWHV
ORZHUWKDQPKIRUPRVWRIWKHWHPSHUDWXUHVFRQVLGHUHG7KHKLJKHVWLQFUHDVHLQHIILFLHQF\EHLQJDW
WKH ORZHVW IORZ UDWH RI  PK DQG ORZHVW WHPSHUDWXUH FRQVLGHUHG LQ WKLV VWXG\ 7KH LQFUHDVH LQ
HIILFLHQF\ LV DWWULEXWHG WR LQFUHDVHG KHDW WUDQVIHU SHUIRUPDQFH DQG UHGXFHG DEVRUEHU WXEH WHPSHUDWXUHV
ZKLFKOHDGWRORZHUWKHUPDOORVVHV
7KHUPRG\QDPLFSHUIRUPDQFH
5HJDUGLQJ WKHUPRG\QDPLF SHUIRUPDQFH WKH XVH RI QDQRIOXLGV LQ WKH UHFHLYHU VKRXOG QRW UHVXOW LQ




WKHXVHRIQDQRIOXLGV ,W VKRXOGEHQRWHG WKDWDWDJLYHQIORZUDWH WKH5H\QROGVQXPEHU LQFUHDVHVZLWK
WHPSHUDWXUH VLQFH WKH IOXLG SURSHUWLHV DUH WHPSHUDWXUH GHSHQGHQW 7KH HQWURS\ JHQHUDWLRQ UDWH LV DOVR
VKRZQWRUHGXFHDVWKHQDQRSDUWLFOHYROXPHIUDFWLRQLQFUHDVHVGXHWRLPSURYHGKHDWWUDQVIHUSHUIRUPDQFH
$W ORZIORZUDWHV WKHKHDW WUDQVIHU LUUHYHUVLELOLWLHVDUHGRPLQDQWDQGXVLQJQDQRIOXLGLPSURYHVUHFHLYHU
KHDW WUDQVIHU SHUIRUPDQFH WKXV UHGXFLQJ WKH KHDW WUDQVIHU LUUHYHUVLELOLWLHV )LJ  E VKRZV WKH HQWURS\
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JHQHUDWLRQ DV D IXQFWLRQ RI 5H\QROGV QXPEHU DQG QDQRSDUWLFOH YROXPH IUDFWLRQ DV VKRZQ WKH XVH RI
QDQRIOXLGV LPSURYHV WKH WKHUPRG\QDPLF SHUIRUPDQFH DW ORZ 5H\QROGV QXPEHUV $V WKH 5H\QROGV
QXPEHUVLQFUHDVHDQGEHFRPHODUJHUWKDQVRPHYDOXHDWDJLYHQYROXPHIUDFWLRQWKHHQWURS\JHQHUDWLRQ
EHFRPHV PRUH WKDQ WKDW LQ D UHFHLYHU ZLWK RQO\ WKH EDVH IOXLG DQG PDNHV WKH XVH RI QDQRIOXLGV
WKHUPRG\QDPLFDOO\XVHOHVV7KLV LVEHFDXVHDWKLJK5H\QROGVQXPEHUV WKHKHDW WUDQVIHU LUUHYHUVLELOLWLHV






































































7KH DXWKRUV DFNQRZOHGJH WKH VXSSRUW UHFHLYHG IURP WKH )DFXOW\ RI (QJLQHHULQJ DQG WKH %XLOW
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>@0ZHVLJ\H$%HOOR2FKHQGH70H\HU -30LQLPXPHQWURS\JHQHUDWLRQGXH WRKHDW WUDQVIHUDQG IOXLG IULFWLRQ LQDSDUDEROLF
WURXJKUHFHLYHUZLWKQRQXQLIRUPKHDWIOX[DWGLIIHUHQWULPDQJOHVDQGFRQFHQWUDWLRQUDWLRV(QHUJ\
>@0ZHVLJ\H $ %HOOR2FKHQGH 70H\HU -3 1XPHULFDO LQYHVWLJDWLRQ RI HQWURS\ JHQHUDWLRQ LQ D SDUDEROLF WURXJK UHFHLYHU DW
GLIIHUHQWFRQFHQWUDWLRQUDWLRV(QHUJ\
>@ 6FKRWW 375  UHFHLYHU DYDLODEOH DW KWWSZZZVFKRWWFRPFVSHQJOLVKVFKRWWVRODUSWUUHFHLYHUVKWPO >ODVW DFFHVVHG
@
>@5DYL.XPDU.5HGG\.67KHUPDODQDO\VLVRIVRODUSDUDEROLFWURXJKZLWKSRURXVGLVFUHFHLYHU$SSO(QHUJ\










>@ -DYDGL )6 6DLGXU5 .DPDOLVDUYHVWDQL0 ,QYHVWLJDWLQJ SHUIRUPDQFH LPSURYHPHQW RI VRODU FROOHFWRUV E\ XVLQJ QDQRIOXLGV
5HQHZDEOHDQG6XVWDLQDEOH(QHUJ\5HYLHZV




















>@0DwJD6(%3DOP6-1JX\HQ&75R\**DODQLV1+HDW WUDQVIHU HQKDQFHPHQW E\XVLQJQDQRIOXLGV LQ IRUFHGFRQYHFWLRQ
IORZV,QW-+HDW)OXLG)ORZ
>@0DKLDQ 2 0DKPXG 6 +HULV 6= $QDO\VLV RI HQWURS\ JHQHUDWLRQ EHWZHHQ FRURWDWLQJ F\OLQGHUV XVLQJ QDQRIOXLGV (QHUJ\











GHSDUWPHQW RI 0HFKDQLFDO (QJLQHHULQJ DW 7VKZDQH 8QLYHUVLW\ RI 7HFKQRORJ\ +LV DUHDV RI
LQWHUHVW DUH UHQHZDEOH DQG VXVWDLQDEOH HQHUJ\ FRPSXWDWLRQDO IOXLG G\QDPLFV HQWURS\
JHQHUDWLRQPLQLPL]DWLRQH[HUJ\DQDO\VLVKHDWWUDQVIHUHQKDQFHPHQWDQGWKHUPRG\QDPLFV
